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7KHVKDUHRIFDOFLXPVLOLFDWHPDWHULDOVLQWKHZKROHRI(XURSHLVFRQVLGHUDEOHDQGFRYHUVRYHURIWKHPDUNHW
&RPPRQXVHRIVLOLFDWHPDWHULDOVUHODWHGWRIXOILOOLQJWKHFRQGLWLRQVRI8/6DQGEXLOGLQJSK\VLFVUHVXOWLQJIURPWKH
DSSOLFDWLRQRI(XURSHDQVWDQGDUGV31(1>@31(1>@31(1>@
31(1,62>@31(1,62>@VDWLVI\LQJWKHUHTXLUHPHQWVRIUHJXODWLRQ1RRI
WKH(XURSHDQ3DUOLDPHQWDQGRIWKH&RXQFLO>@

1RPHQFODWXUH
fE QRUPDOL]HGFRPSUHVVLYHVWUHQJWKRIPDVRQU\XQLWV
fN FKDUDFWHULVWLFFRPSUHVVLYHVWUHQJWK
kQ VWDWLVWLFIDFWRUWDEOH'31(1
m[ PHDQYDOXHRIKIDFWRU
K IDFWRUFRQVWDQW
V[ FRHIILFLHQWRIYDULDWLRQKIDFWRU
7KHDLPDQGVFRSHRIUHVHDUFK
)RUWKHGHVLJQRIWKHGDWDFRQWDLQHGLQWKH3ROLVKHGLWLRQRIWKH(XURSHDQVWDQGDUG31(1>@DGRSWHG
GLUHFWO\IURP(1>@RUIRUPHU3ROLVKVWDQGDUGV7KHPDLQDLPRIWKHUHVHDUFKZDVWRDFTXDLQWLQ
DGGLWLRQ WR WKH ZLGH UDQJH RI (XURSHDQ HQJLQHHUV ZLWK DQ DVVRUWPHQW RI 3ROLVK FDOFLXP VLOLFDWH PDWHULDOV DQG
FRPSDULVRQRIDFWXDOPHFKDQLFDOSDUDPHWHUVZDOOVZLWKWKHYDOXHVFRQWDLQHGLQWKH3ROLVKHGLWLRQRIWKHVWDQGDUG31
(1>@
7R DFKLHYH WKLV SXUSRVH ZH VHOHFWHG  SURGXFHUV ZKRVH SURGXFWLRQ LQYROYHV PRUH WKDQ  RI WKH 3ROLVK
FRQVWUXFWLRQPDUNHW
0DWHULDOV
3.1. Masonry units 
6SHFLPHQVZHUHPDGHRIW\SHVFDOFLXPSURGXFHGE\SROLVKPDQXIDFWXUHUV2YHUYLHZRIWKHVHHOHPHQWVLV
JLYHQLQ7DEOH7KHPDVRQU\XQLWVRIHDFKW\SHZHUHWDNHQUDQGRPO\DQGVXEMHFWHGWRFRPSUHVVLYHVWUHQJWKWHVW
DFFRUGLQJWR31(1>@5HVXOWVRIPDVRQU\XQLW¶VFRPSUHVVLYHVWUHQJWKWHVWVDUHJLYHQLQ7DEOHZKHUH
YDOXHVRIPHDQFRPSUHVVLYHVWUHQJWKDQGFRHIILFLHQWRIYDULDWLRQIRUHDFKXQLWW\SHDUHSUHVHQWHG
&RPSUHVVLYH VWUHQJWK YDOXHV ZHUH FRQYHUWHG LQWR QRUPDOLVHG FRPSUHVVLYH VWUHQJWK XVLQJ VKDSH IDFWRU į LQ
DFFRUGDQFHZLWKDQQH[$LQ31(1>@VWDQGDUG)RUHDFKFDOFLXPVLOLFDWHXQLWVW\SHFRPSUHVVLYHVWUHQJWK
FODVVZHUHGHWHUPLQHGDFFRUGLQJWRDQQH['WR31(1>@7HVWHGPDVRQU\XQLWVZHUHDVVLJQHGWRWKH
DQGVWUHQJWKFODVVHVJLYHQLQ7DEOH
7DEOH7HVWHGPDVRQU\XQLWV
8QLW
QXPEHU 0DVRQU\XQLW
8QLW
QXPEHU 0DVRQU\XQLW
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7DEOH5HVXOWVRIPDVRQU\XQLW¶VFRPSUHVVLYHVWUHQJWKWHVWV
8QLW
QXPEHU
0HDQ
FRPSUHVVLYH
VWUHQJWK
1PP
6KDSH
IDFWRU
į
1RUPDOL]HG
FRPSUHVVLYH
VWUHQJWKfE
1PP
6WUHQJWK
FODVV
8QLW
QXPEHU
0HDQ
FRPSUHVVLYH
VWUHQJWK
1PP
6KDSHIDFWRU
į
1RUPDOL]HG
FRPSUHVVLYH
VWUHQJWKfE
1PP
6WUHQJWK
FODVV
,     9,,,    
,,     ,;    
,,,     ;    
,9     ;,    
9     ;,,    
9,     ;,,,    
9,,     ;,9    
   ;9    
3.2. Mortar 
'XWFK&DOGXUDQ'QQEHWWP|UWHOOWKLQOD\HUEHGMRLQWPRUWDUZDVXVHG7KLVPRUWDULVVXLWDEOHIRUFRQVWUXFWLRQRI
ORDGEHDULQJ DQG QRQEHDULQJ FDOFLXP VLOLFDWH PDVRQU\ ZDOOV /DERUDWRU\ WHVWV RI PRUWDU ZHUH FDUULHG RXW RQ
UHFWDQJXODUVDPSOHVZLWKuuPPGLPHQVLRQVLQDFFRUGDQFHZLWK31(1>@VWDQGDUG0RUWDU
VDPSOHVZHUHWDNHQGXULQJWKHFRQVWUXFWLRQRIWKHVSHFLPHQVDWWZRGDWHVDQGVXEMHFWHGWRIOH[XUDODQGFRPSUHVVLYH
VWUHQJWKWHVWV7KHDYHUDJHFRPSUHVVLYHVWUHQJWKZDVHTXDOWR1PPDQGEHQGLQJVWUHQJWKZDVHTXDOWR
1PP
5HVXOWVRIWHVWV
0DVRQU\ VSHFLPHQ¶V FRPSUHVVLYH VWUHQJWK WHVWV ZHUH
FDUULHGRXW DFFRUGLQJ WR31(1 >@ VWDQGDUG
DQGRYHUDOOGLPHQVLRQVRIVSHFLPHQVZHUHGHWHUPLQHGRQWKH
EDVLVRIWKLVPHQWLRQHGFRGH6SHFLPHQVKDGDZLGWKHTXDO
WRWKHOHQJWKRIWZRXQLWVDQGKHLJKWHTXDOWRKHLJKWRIWKUHH
PDVRQU\XQLWV±)LJ$UUDQJHPHQWRIFDOFLXPVLOLFDWHXQLWV
LQWKHVSHFLPHQLVVKRZQLQ)LJXUH
7KHUHZHUHPDGHRQWUHHVSHFLPHQVRIW\SHVRIXQLWV
DQGWZRVSHFLPHQVRIFDOFLXPVLOLFDWHXQLWVGHVFULEHGDV;
VHH7DEOH $ WRWDO RI  VSHFLPHQVZHUH LQYHVWLJDWHG
7HVWHG VHULHV ZHUH GHWHUPLQHG ZLWK URPDQ QXPHUDO
FRUUHVSRQGLQJWRWKHW\SHRIPDVRQU\XQLWDQGDUDELFQXPEHU
GHQRWLQJWKHVSHFLPHQQXPEHULQWKHVHULHV
0HDQYDOXHVRIFRPSUHVVLYHVWUHVV LQGXFLQJILUVWFUDFN
FRPSUHVVLYH VWUHQJWKPRGXOXV RI HODVWLFLW\ DQG 3RLVVRQ¶V
UDWLRIRUHDFKVHULHVHDFKW\SHRIFDOFLXPVLOLFDWHPDVRQU\
XQLWV DUH JLYHQ LQ 7DEOH  0RGXOXV RI HODVWLFLW\ DQG
3RLVRQ¶V UDWLR DUH FDOFXODWHG DV VHFDQW YDOXHV IRU PHDQ
GLVSODFHPHQWV REWDLQHG DW D  PD[LPXP FRPSUHVVLYH
VWUHVV



)LJ6SHFLPHQFDOFLXPVLOLFDWHPDVRQU\XQLW¶VDUUDQJHPHQW
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7DEOH0HDQYDOXHVRIWHVWVUHVXOWVIRUHDFKVHULHVRIFRPSUHVVHGPDVRQU\VSHFLPHQV
6HULHV
GHVFULSWLRQ
&UDFNLQJVWUHVV
1PP
8OWLPDWHVWUHVV
1PP
0RGXOXVRIHODVWLFLW\
1PP
3RLVVRQ¶V
UDWLR
,    
,,    
,,,    
,9    
9    
9,    
9,,    
9,,,    
,;    
;    
;,    
;,,    
;,,,    
;,9    
;9    

)RUHDFKWHVWHGVHULHVFKDUDFWHULVWLFFRPSUHVVLYHVWUHQJWKRIPDVRQU\ZDVGHWHUPLQHGDFFRUGLQJWR>@VWDQGDUG
7KLVVWDQGDUGDVVXPHVWKDWPDVRQU\FKDUDFWHULVWLFFRPSUHVVLYHVWUHQJWKfNLVVPDOOHURIWKHWZRYDOXHVQDPHO\PHDQ
VWUHQJWKfGLYLGHGE\RUPLQLPXPVWUHQJWKREWDLQHGLQWKHVHULHV fLPLQ&DOFXODWHGIRUHDFKVHULHVFKDUDFWHULVWLF
FRPSUHVVLYHVWUHQJWKLVJLYHQLQWKH7DEOH
7DEOH&KDUDFWHULVWLFFRPSUHVVLYHVWUHQJWKRIPDVRQU\
6HULHV
GHVFULSWLRQ fN1PP
 6HULHVGHVFULSWLRQ fN1PP
 6HULHVGHVFULSWLRQ fN1PP
 
,  9,  ;, 
,,  9,,  ;,, 
,,,  9,,,  ;,,, 
,9  ,;  ;,9 
9  ;  ;9 

3ROLVK1DWLRQDO$QQH[ WR(1 >@ WKHFKDUDFWHULVWLFFRPSUHVVLYHVWUHQJWKRIPDVRQU\ZLWK WKLQ
MRLQWVPDGHRIPDVRQU\VLOLFDWHDOORZVWRVHWWKHIRUPXOD
,
bk fKf    
7KH3ROLVK1DWLRQDO$QQH[WR(1>@GHILQHVWKHYDOXHRIWKHFRHIILFLHQWKGHSHQGLQJRQWKHW\SH
RIPDVRQU\DQGWKHW\SHRIPRUWDUXVHGWRWKHFRQVWUXFWLRQRIWKHZDOO7KHZDOOVRIFDOFLXPVLOLFDWHXQLWVRIJURXS
PDGHPRUWDUIRUWKLQMRLQWVKDYHDKFRHIILFLHQWHTXDOWR7KH1DWLRQDO$QQH[HVRI2WKHU(XURSHDQFRXQWULHV
KDYHWDNHQGLIIHUHQWYDOXHVRIWKHFRHIILFLHQWKDQGLQVRPHFRXQWULHVHYHQGLIIHUHQWLDWHGWKHYDOXHRIWRSXQLWVDWD
VWDQGDUGL]HGPHGLXPVWUHQJWKHOHPHQWPDVRQU\FRPSUHVVLRQ:LWKUHVXOWVRIWKHVHULHVRIGLIIHUHQWPDVRQU\XQLWV
7DEOHZHUHFDOFXODWHGFKDUDFWHULVWLFVWUHQJWKRIWKHZDOOVKHDUDFFRUGLQJWRWKHSURFHGXUHJLYHQLQ$SSHQGL['RI
(XURFRGH31(1>@ZLWKGHSHQGHQFH)LJ
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     xnxk VkmKX   

)LJKYDOXHVREWDLQHGIURPWHVWV

)LJ&KDUDFWHULVWLFFRPSUHVVLYHVWUHQJWKRIPDVRQU\DFFWKH1DWLRQDO$QQH[HVRIVHOHFWHG(8FRXQWULHV3RODQGDIWHULQFUHDVLQJWKH
FRHIILFLHQWK
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3ROLVKFRGHDUUDQJHPHQWVDJDLQVWWKHDUUDQJHPHQWVRIRWKHU(XURSHDQFRXQWULHV
,Q6HSWHPEHUEDVHGRQWKHUHVXOWVRIUHSRUWHGVWXGLHVWKHDPHQGPHQWWR(1>@FKDQJHGWKH
KIDFWRUWR,WZDVDVVXPHGVDIHYDOXHORZHUWKDQWKDWREWDLQHGIURPWKHVWXG\$IWHULQFUHDVLQJWKHFRHIILFLHQWK
WRFKDUDFWHULVWLFFRPSUHVVLYHVWUHQJWKRIWKHZDOOLQ3RODQGWKH\DUHVWLOODPRQJWKHORZHVWLQWKH(8)LJ,I
LPSOHPHQWHGWKHKYDOXHVREWDLQHGIURPWKHWHVWK WKHVWUHQJWKFKDUDFWHULVWLFVRIWKHZDOOZRXOGEHQHDUO\
LGHQWLFDOLQ*HUPDQ\
5HIHUHQFHV
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